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Description 

FIEU) OF THE INVEhmON 

5 The present invention relates to a metal oxide powder wtiich Is used as a raw material powder of an oxide ceramic 
that is used as a functional material or a structural material, a metal oxide powder whicfi is used In a dispersed state as 
a fiBer or a pignient or a nielal GDode powder which is used as a raw 
tal or for flanne spray coating, arid a nrielhod for the productk^ 

10 PRIOR ART 

In general, an oxide ceramic which is used as a functional material or a structural material is produced through a 
mokfing step and a calcination step from a metal (sdde powder as a raw material. Properties of the metal oxide powder 
to t>e used as the raw material fiave a large influence on the production steps, and functions and physical properties of 
IS the ceranvc product. Then, it is highly desired to provide a m^al oxide powder having powder properties wtuch btb pier 
dsely controlled so that th^ are suitable for an intended application. 

When a metal oxide powder is used in a dispersed state such as a magnetic fine powder, a filler or a pigment since 
properties of each particle are reflected directly on the dispersed state, the control of tfie properties of the powder is 
nme important 

20 The required properties of the metal oxide powder vary with a kind and application form of the metal oxida Com- 
monly required properties are a uniform particle size of the metal oxide powder, that is, a nanrow particle size distribu- 
tion, and a weak bond among primary particles, ttiat is, less agglomeration and good cfispersibQity. 

For exanfple, a titaniimi oxkJe powder is wktely use^ 
to be added to a resin, a raw material of a material having a high refractive index, a rm 

25 a raw material of a single crystal, a raw material of a photocatalytic active semiconductor, a raw material of a catalyst 
support, a raw material of an abrasive, a raw material of a dielectric material, axxi so on. 

A zirconium oxkie powder is useful as a material to be used in a high terrperature material or a mecfiank:al struc- 
tural material, an ion conductive rnaterial, a piezoelectric rnaterial and so on. and is us^ 
body and a raw material for melt spray coating. 

30 A magnesium oodde powder is a useful as a raw nrrateriat of a refractory ceramic, a raw material of a functional 
ceramfo such as an electronics material or an optical material, and the like. 

A cerium oxkf e powder is one of oxides of rare earth elements, and us^ as an electrical conductive material, an 
optical material, or an abrasive. 

A tin GKxJe powder is a valuable nraterial used as an electrortics rriaterial, a p 

35 Hitherto, these nielalooKles are produced by a lk|uki phase rneti^ 

sis method, a direct oxMation metixxl, an electrical fusion method, and the like. The produced metal oxkle pcmders 
have some prDt)lems sucfi as formation of agglomerates, nonuniformity in the particles, a wkie particle size distribution, 
and so on, and they are not necessarily sa ti s factory. Further, the above production mettKXis tiiemselves have problems 
such as conplicated procedures, problenis of apparatuses, costs of raw rriaterials, and so OT^ 

40 to develop a nietaioKkje powder wfik:hcofilains less aggtonrteratedr^ 

tion, and to devefop a nwttiod for produdng such melal oxide pcwder gerierally a^ 
duction. 

SUMMARY OF THE IIWElsmQN 

45 

An ot^ect of the present invention is to provkfo a nrafal oxkie containing less agglon^ 
narrow particle size distrfoution and a uniform particle sfiape, whfoh is preferably used as a metal oxkle powder to be 
used as a raw material powder of an odde ceramfo that is used as a functional material or a structural material, a metal 
oxkJe powder to be used In a dispersed stale as a filer or a pignfient, or a rnetal ODd^ 
so rial pcMKler for ttie production of a single crystal or for flarne spray coating. 

Another object of the present invention is to provkJe a production 
productionof such metal oxUepowder and is excellent industrially. 

As a result of the extensive study on tfie metal oxkle powders, it has been found that, when a raw material is cal- 
cined in a spedffo atmosphere gas, the atwve descrfoed metal oxkJe containing less aggfomerated particles and fiaving 
55 a narrow partide size dstrfoution and a uniform partide shape is obtained, and th^ 

eraOy in ttie production of various tnM oxkle powders and excellent industrially, and the present invention has t>een 
completed after further investigations. 

That is, according to a first aspect of the present inventioa tftere is provkled a metal oxkle powder except a-alu- 
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mina, corrprising polyhedral particles having at least 6 planes each, a number average partide size of from 0.1 to 300 
urn. and a Dq^^q ratio of 10 or less where D^o and ^90 are partide sizes at 10 % and 90 % accumulation, respectively 
from the smallest partide size side in a cumulative particle size curve of the particles. 

According to a second aspect of the present invention, there is provided a ruble type titanium odde powder com- 
prising polyhedral partides each having at least 8 planes. 

According to a third aspect of the present inventioa there is provided a method for producing a metal oxide powder 
except a-alumina, having a narrow partide size distritxition, comprising calcining a metal oxide powder or a metal oxide 
precursor powder in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected 
from the groip consisting of (1) a hydrogen halide. (2) a component prepared from a molecular halogen and steam and 
(3) a molecular halogen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scanning dectron microscopic photograph (x 850) shewing a partide stnjc^ 
der observed in Example 1. 

Fig. 2 is a scanning electron microscopic photograph (x 1 700) showing a partide structure of a titanium oodde pow- 
der observed in Example 7, 

Fig. 3 is a scanning dectron microscopic photograph (x 1 700) shewing a partide stru^ 
der observed in Example 9, 

Fig. 4 is a scanning dectron microscopic photograph (x 4300) showing a parM 
der ot3served in Example 15, 

Fig. 5 is a scanning dedron microscopic photograph (x 1 700) showing a partide structure off a titanium oxide pow- 
der observed In Comparative Example 1, 

Fig. 6 is a scarviing dectron microscopk; photograph (x 430) showing a partide structure of a zirconium oxide pow- 
der observed in Example 20, 

Fig. 7 is a scanning dectron nm»>scopic photograph (x 430) showing a partide s^ 
der observed in Example 2 1 , 

Fig. 8 is a scanning dectron microscopic photograph (x 430) showhg a partide structure of a zirconium oxide pow- 
der ot>served m Example 22, 

Fig. 9 is a scanning dectron microscopic photograph (x 1720) showing a partide structure of a zirconium oodde 
powder observed in Comparative Example 3, 

Fig. 10 is a scanning dectron microscopic photograph (x 430) showing a partide structure of a magnesium oxide 
powder observed in Example 23. 

Fig. 1 1 is a scanning dectron microscopic photogr^ (x 850) sfKJwing a partide structure off a magnesium oxide 
powder observed in Example 24, 

Fig. 12 is a scanning dectron microscopic photograph (x 850) sfiowing a partide structure off a magnedum codde 
powder observed m Example 25, 

F^. 1 3 is a scanning dectron microscopic photogr^ (x 1 720) showing a partide structure off a magnedum oxide 
powder ot)served in Comparative Example 6. 

Fig. 1 4 is a scanning d ectron nrvcroscopic photograph (X 1 720) showing a pa 
ot)served in Example 26, 

F^. 15 is a scanning dectron nucroscopic photograph (X 1720) showing a partide stru^ 
observed In Comparative Example 8, 

Fig. 16 is a scanning dectron nriicroscopic photograph (x 8500) showing a partide struck 
der observed in Example 27, 

Fig. 17 is a scanning dectron nrvcroscopic photograph (x 4300) showing a partide structure da cerium oxide p^ 
der observed in Comparative Example 9, 

Fig. 1 8 is a scanning dectron microscopic photograph (x 8000) showing a partide structure off a tin oxide powder 
observed in Exannple 28, 

Fig. 19 is a scanning dectron microscopic photograph (x 8000) sIxMring a partide structure off atin oxide powder 
ottserved In Comparative Exanrple 10, 

Fig. 20 is a scanning dectron microsoopic photograph (x 15500) showing a partide structure of an incfium oxide 

powder ot)served in Exanple 29, 

and 

Fig. 21 is a scanning dectron microscopic photograph (x 15500) showing a partide structure off a indium oxide 
powder observed in Comparative Example 11. 
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DETAiLED DESCRIPTION OF THE INVENTION 
The present inverrtion will be explained in detail. 

The metal oxide powder having the narrow particle size distribution is a compound of a single metal element and 
5 oxygen consisting of polyhedral particles each having at least 6 planes (excluding complex oxides and a-^lununa pow- 
der). wNch is distinguished from a metal oxide which is produced by the conventional methods and contains may 
agglomerated particles. Hereinafter, a oonrpound of a single metal element and oxygen will be sometimes referred to 
as a "simple metal oxide*. 

The method of the present invention produces a metal oxide except a-alumina, having a narrow parllcie size distri- 
10 Ixjtion. by calcining a metal oxide powder or a metal oxide precursor powder in the presence or absence of a seed crys- 
tal in an atmosphere containing at least one gas selected from the group consisting of (1) a fiydrogen hatide. (2) a 
component prepared from a molecular halogen and steam and (3) a molecular halogen. 

When the nrietal oxide powder having the naniow partide size distributo 
invention, a metal oxide precursor powder is exemplified as a raw material. 
IS Herein, the metal oxide precursor powder is intended to mean a material which gives the metal oxide consisting of 
the single metal and oxygen by a decomposition reaction or an oxidation reaction in calcination, and includes, for exam- 
ple, metal hydroxides, hydrated metal oxides, metal cxytiydroxide. metal cxyhalides, and so on. 

When the metal csdde powder having the nanow (article size distribution is prcxjuced by the method of the present 
invention, a Imwn rnetal Qxlde powder can be used as a raw nrafterial depend 
20 powder. 

As the raw material metal oxide powder, one tiaving an average primary partide size of less ttwi 0.1 (im is prefer- 
ably used. As the average primary partide size of the raw material metal oxide powder, a partide size calculated from 
a BET spectfic surface area can be used. It is possibie to produce the ffiterided metal cxid^ having the narrcw 
partide size distrftxjtion ard the larger partide size than that of the raw mat 
2S rial meta! oxide powder having the atx)ve partide size. When the average primary partide size of the raw material pow- 
der is larger ttian 0.1 |xm, tt» production of the nDetal oxide powder containing less agglomerated partides and having 
the narrow partide size dstrbution may t>ecome difficult. 

A seed crystal wNch may t)e used in the preserit iriverition is intended to mean a crystal which f^ 
ing site for the crystal growth of the intended metal oxide. Aroimd the seed crystal, the metal oxide grows. Any seed 
30 crystal can be used insofar as it has this function. For exanple. when the metal oxide precursor is used as the raw mate- 
rial, the metal oxide powder is preferably used. Further, when the metal cxide powder having the average primary par- 
tide size of less than 0.1 \um is used as the raw material, a metal oxide powder having a larger partide size ttian the 
average partide size of the raw material metal oxide powder, for example, a partide size at least 5 times larger than ttie 
average primary partide size of the raw materialis used. 
35 When a CT)^ phase iof the metal oxide as the raw material is changed to a more stable crystal phase by calcina- 
tion, the metal oxide having the more stable crystal phase is preferred bs the seed crystal. 

There is no imitation on a manner for adding the seed crystal to the raw material povwter. For example, a mixing 
manner such as ball milGng. ultrasonic dispersing, and the like can k>e used. 

The above descrbed metal oxide precursor powder, the raw material metal powder, for instance, the metal cxide 
40 powder having the average prniiary partide size of 0.1 |im or less; and tfiose raw materials to which the seed aystal is 
added are generally named as ttie raw material metal oxide powder. 

Examples erf the metal element contained in ttie raw material metal oxide powder are the metal elements of the 
Grotp ft) of the Periodic Tat)le such as copper, etc.; the metal elements of the Group 11 such as magnesium, zinc, etc.; 
the metal dements of the Group III such as yttrium, cerium, galGum, mcBum, uranium, eta; the metal elements of ttie 
45 Group IV such as titanium, zircortium, germanium, etc; ttie metal elementsof the Group V such as vanadium, niobium, 
tantalum, bismuth, etc.; the metal dements of the Group VI sudt as chromium, the metal elemenis of the Group VII 
such as manganese; and the metal elements of the G^oup VIII such as iron, cot>alt, nickel, etc. (except aluminum). 

Preferred examples of ttie metal dements are magnesium, titanium, zirconium, iron, cerium, indium, and tin. 

In the method of the production of the metal oxide powder according to the present invention, the raw material 
so metal oxkJe is not limited, and ttie powder produced by the conventional mettiod can be used. For example, the metal 
OKXte powder or metal oxide precursor powder produced by the 1^^ 
duced tiy the gas phase mettiod or the sdid phase mettiod may tie used. 

In the present invention, the raw material metal oxide powder is cateined in the atmosphere gas containing at least 
1 vol. preferat)ly at least 5 vol. %w more preferably at least 10 vol % of ttie hydrogen halide based on the wtiole vd- 
55 ume of the atmosphere gas. 

As the hydrogen hafide; hydrogen dHoride, hydrogen bromkle, t^drogen iodkJe and hydrogen fluoride are used 
independentty or as a mixture of two or mae of them. 

As a component of ttie atmosphere gas ottier ttian the hydrogen halide, ttiat is, a diluent gas, nitrogen, inert gas 
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such as argon, hydrogen, steam or an air can be used. 

A pressure of the atnnosphere gas containing the hydrogen halide is not limited, and selected from a pressure 
range which is indusfrially used. 

It is possit}le to carry out the calcination in the atnnosphere gas containing a component prepared from the molec- 
5 ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, nnolecular chlorine, bromine, iodine and fluorine are used independently or as a mixture 
of two or more of them. 

The corrponem gas is prepared from at least 1 vol. %, preferably at lecst 5 vol. %. rm 
% of the n[X)lecular halogen and at least 0.1 vol. %. preferably at least 1 vol. %. more preferably at least 5 vol. % of the 
10 steam, both based on the whole volume of the atmosphefe gas. 

In place of the hydrogen halide. the nfK>lecular halogen may be used. The raw material metal oxide powder is cal- 
cined in the atmosphere gas containing at least 1 vol. %. preferably at least 5 vol. %» more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 
75 As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas. nitrogen, inert gas such as argon, hydrogen, steam or an air can 
be used. 

A pressure in tfie reaction system is not fimited. and freely selected from a pressure range wfuch is indusfriaBy 
used. 

20 A manner for supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oodde powder is preserrL 

A source of each component of the atmosphere gas and a manner for sui^plying each component are not critical 
either. 

FOr GKanple. as the source of each coriponem of the atmosphere gas. a gas in a bon^ 
25 it is possible to prepare the atmosphere gas comprising the fiydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium halide. or a halogen-containing polymer such 
as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compourxi or halogen-containing polymer in a calcination furnace. 

The hydrogen hafide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
30 furnace in view of the operability. The atniosphere gas nriE^ be supp^ 

According to tfie present invention, vk^hen the raw material metal oxide powder is calcined in the atxive atmosphere 
gas, the melal oxide grows at a site where the raw material metal oxide powder is present tfirough the reaction t)etween 
the raw material metal oxide powder and the atmosphere gas. so tfiat tfie metal oxide powder fiaving the narrow particle 
size disfrOsution. Ixjt not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
3S obtained. 16r example, bf&xt^ifyMnQ the raw material oxide powder in a vessel and calctning it n the atmos- 
phere gas. 

As the raw rYiaterial metal oodde powder to k>e used in the present invenlioa any material which is in a powder form 
rnay be used, and a bulk density of the powder is preferatsly at least 40 % or less based 

a molded material having the bulk density exceeding 40 % based on the theoretk;al density \s cakaned. a sintering reac- 

40 fm proceeds in the calcinatton step, whereby grinding is necessitated to obtain the metal orade powder, and the metal 
Qxkie powder having the narrow partide size distributkxi inay not be 

A suitable calcinalk>n temperature is not necessarily critx»l since it depends on the kind of the intended metal 
oxkle. the kinds and concentrations of tfie hydrogen halkie. the molecular hak)gen and the component prepared from 
the molecular halogen and steam, or the calcinatton time. It is preferably from 500 to 1 500^, more preferably from 600 

45 to 1 400^0. When the calcinatton time is tower tfian 500^0. a long time is necessary for catoination. When tfie calcinatton 
temperature exceeds 1500''C. many agglomerated particles tend to be contained in the produced metal oxxJe powder. 

A suitable calcinatton time is not necessarily crittoal since it depends on tfie kind of the intended melal oxide, the 
kinds and concentrattons of the hydrogen halto e. the molecular hatogen and the conponent prepared from the molec- 
ular hatogen and steam, or the catoination tennperature. It is preferably at least 1 minute, nxxe preferably at least 10 

so minutes, and selected from a range in which the intended metal oxkle powder is obtained. As tfie caldnatton tempera- 
ture is higher, the calcination time is shorter. 

When the raw material metal oxkle powder containing the seed crystal is calcined, the caldnation temperature can 
be lower and the catoination time can be shorter tfian those when no seed crystal is used, since the metal oxkle grows 
around the seed crystals as the growing sites. 

55 A type of a calcination apparatus is not Kmited, and a so-called calcination furnace may t>e used. The catoination 
frimace is preferat>ly made of a material whtoh is not corroded by the hydrogen halkie or the hatogen, and preferably 
conprises a mechanism for adjustkig tfie atmosphere. 

Since tiie acklic gas such as the hydrogen halkie or the hatogen is used, the calcinatton fumace is preferat)ly an 
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airtight one. In the industrial production. preferat)ly the calcination is carried out continuously; and a tunnel furnace, a 
rotary kiln, or a pusher furnace can be used. 

As a vessel used in the calcination step in which the raw material metal oodde powder is filled, preferably a crucft)le 
or a boat made of alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum is used, svice the 
5 reaction proceeds in the acidic atmosphere. 

When the metal oxide powder is produced with the addition of the seed crystal to the raw material powder, the par- 
ticle size and the particle size distribution of the metal oodde powder as the product can be controlled by changing a par- 
ticle size and an added amount off the seed crystal. F=br example, when the amount of the seed crystal is increased, the 
particle size of the produced metal oxide powder is decreased. When the seed crystal having the smaDer partide size 
10 is used, the partk:le size of the produced metal oxide powder is decreased. 

By the above described method, as shown in the attached photographs, the metal oxide powder which is not 
agglomerated particles, and has the narrow particf e size distributk>n and mitorm partk:le size can be obtained, and the 
partlde size can t>e controlled. 

Though the melal oxide powder may be agtfomerated particles or contain aggkHnerated particles, a degree off 
IS aggtomeration is small, and therefore the metal axkte powder which contains no aggk)merated particle is easily pro- 
duced t>y simple finding. 

A number average particle size of the nf>etal oxide powder obtained by the method of the present invention is not 
necessarily limited. In general, it is possible to obtain the metal oxkie powder having the parttele size of 0.1 to 300 |im. 
The metal oxkie powder obtained by the method of the present invention has. as ttie parttele size dislributkin, a 
20 D9o/Dio ratk) of 10 or less, preferably 5 or less, where D^o ^ ^90 ^® partk:le sizes at 10 % and 90 % accumulatton. 
respectively from the smallest partrcle size skle in a cunrulative partide size curve of the partides. 

When a partk:le size distrbution is measured t>y a centrifugal segmentation method or a laser diffraction scattering 
method, the obtained value is a partk;le size distributbn of the agglomerated partk^ies. When the partk;le size dtetribu- 
tk>n nrieasured by such method is narrow but the powder a>ntain8 the agtfon^ 
25 riorated. and such powder is not suitable as an industrial raw material. In the present inventk>n. as a criterion of 
aggkHneration of the powder, a primary partkde size is measured, as a number average value, from a scanning electron 
microscopic pfiotograph, and the ot>tatned value is compared with an agglomerated partkie size, tfiat is, a partkde size 
at 50 % accumulation in a cumulative partide size curve of the part'des (D50). 

That is. the degree of agglomeration is evaluated t>y a ratio of the agglomerated particle size to the primary partk^e 
30 size. When this ratk> exceeds 1 (one), the powder is in the kJeal state containing no agglomerated partkde. With the 
actual powder, this ratk> exceeds 1 . When this ratk> is 6 or less, the powder can be prefe^^ 
material. 

The metal oxkie powder obtained t>y the method of the present invention has the ratio of the agglomerated partide 
size to the primary partide size of, preferat)ly from 1 to 6. more preferably from 1 to 3, most prelerat3iy from 1 to 2. 
35 Each of tfie parades of the metal oxkJe powder of the present invention has a polyhedral form having at least 6 
planes. The nunrter of the planes is usually from 6 to 60. prefi^^ 

Concrete examples of the metal oxkie powder of tfie present inventton wQI t>e explained. 

The partk:ie of the rutile type titanium oxkie powder of the pres^ invention comprises a polyhedron having at least 
8 planes with a crystal plane being exposed. The partk;le of the rutile titanium oxkie powder of the present invention 
40 preferably comprises a polyhedron having 8 to 60 planes, more preferatily 8 to 30 planes. This is t)ecause the inskle of 
the partide is unift)rnrK and ttie powder has less grain boundaries and less lattk^e defects In the parlk^la In part»ular, 
the partk:ie is preferably a angle crystal partkdei When the nunft>er of the pl^ 

growth of the crystal is incomplete. Wfien tfie number of the polyhedron exceeds 60, the nunfber of the lattice delects 
In the partk:letenctetoinaeas& When a large step may be present on one crystal friane of the parti^ 

45 regarded as one plane in the present invention. 

The rutile type tftanium axUe is characterized in that the partkile size dtetributkm is nanrow, and the number of the 
aggk>nrierBted partk:les is srnall. The ratb of the aggk>nri^^ 
1 to 2. The D9(/D^o ratio is 10 or less, preferably 5 or less. 

When the BET specific surface area is large, the powder contains many agglomerated partides arxi is not suitak)le 

50 as the industrial raw n^aterial. Then, the BET specffk: surface area is preferaksly 1 0 m?/g or less. When the BET specif k; 
sifllace area is less tfian 0.1 nrf /g. the primary partk;le size is too large and tfie partides cause sedimentation when 
they are cBspersed in a solvent Therefore, the BET specific surface area is preferably from 0.1 lo 10 m^/g, more pref- 
erably 0.1 to 5 m?/g. 

The zirconium oxkie partides of the present invention are charaderized in tfiat their shape and partide size are uni- 
55 form. The partide shape is a pdyfiedron having at least 8 planes. Their partide size and partide size distrbution are 
controlled in the specif k; ranges. The partide size Is usually controlled in tiie range from atxxit 1 pm to several hundred 
|im. This control of the partide size can be done by tfie selection of the raw material and tfie cateination conditions in 
tfie metfiod of the present invention. 
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As the raw material powder for the flame spray coating, one having the large particle size is preferred. As the pow- 
der preferred for this use, the zirconium oxide powder comprising the particles having, preferably at least 20 pm, more 
pref erak)ly about 40 pm is selected. 

That is. the above described nrtethod can produce the zirconium oxide pcwder having the relatively large average 
5 particle size sintable as the raw materia for the flame spray coating, ty the industrially advantageous steps. 

The zirconium oxide powder of tiie present invention has the Dgo/D^o of 10 or less, preferably 5 or less. Fur- 
ther, the ratio of ttie agglomerated particle size to the primary particle size is preferably from 1 to 3, nxxe preferably from 
1to2. 

The magnesium oxide particles of the present inventfon are characterized in that ttieir shape and particle size are 
10 uniform. The partide shape is a polyhedlron having allea^ 8 planes. Their p^^ 

controlled in the specific ranges The particle size is usually controlled in the range from atxxrt 1 |im to several hundred 
pm. This control of tiie partide size can be done by tiie selection of the raw material and ttie calcination conditions in 
the mettiod of the present invention. 

The manganese oxide powder of the present invention has ttie Dgo/D^o ^ ^ ^ preferably 5 or less. Fur- 
15 ther. ttie ratio of ttie agglomerated partide size to the primary partide size is preferably from 1 to 3. more preferably from 
1to2. 

The cerium oxide partldes of the present invention are characterized in ttiat their shape and partide size are uni- 
form. As is dear from ttie attached photographs, ttiey are the ceriimi oxide cube parti^ 
partide size. 

20 The tin oxide partides of ttie present invention are characterized in that their shape and partide size are uniform. 
As is dear from the attached photograph, ttiey are the polyhedrons havirig at least 8 piw 
partide size. 

The indium oxide partides of the present invention are characterized in that ttieir shape and partide size are uni- 
form. As is dear from the attached photograph, ttiey are ttie polyhedrons having at least 8 planes witti ttie uniform 
2S shape and partide stza 

Aooorcfing to ttie present inventioa it is possible to obtain ttie various metal oxide powders which are not ag^om- 
erated partides but have the narrow partide distnlxition that cannot t>e hittierto adti 

In many cases, the obtained metal oxide powder is a mass of the unifbrm polyhedral partides. and can be used in 
the variety of applications such as the raw materials of the metal cxide base ceran^cs which are used as the functional 
30 material or the structural material, as the filler or the pigment, or the raw material powder for the production of a single 
crystal or for flame spray coating. By the selection of the partide size arxt amount of the seed crystal, the metal oxide 
having the above properties and ttie arbhrarily contrdled partide size can be obtain^^ 

Examples 

35 

Hereinafter, ttie present invention will be explained in detail by examples, which do not limit ttie scope of ttie present 
invention in ariy way. 

The measurements in the examples were carried out as follows: 

40 1. Number average partide size of metal oxide powder 

Ascannir^ electron nrncroscopic photograph of a metal oxide powder was taken using an electron microscope CT- 
300 manufactured by Nqppon Electron Ca, Ltd.). From ttie photograph, 80 to 100 partides were selected and image 
analyzed to calculate an average value of equivalent drde diameters of ttie parti^ 
45 lerttdrdedianri^erisadlannelerof aclrcfehavingthesameareaaBttiatof ea^ 

2. Partide size distribuBon of metal oxide powder 

The partide size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
so laser diffraction type particle size distrikxition analyzer (SALD-1 1 00 manufactured by SHmadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyammonium acrylate a a 50 wt % aqueous 
solution of glycerol, and partide sizes at 10 %, 50 % and 90 % accumulation, respectively from the smallest partide 
size side in a cumulative partide size curve of the partides were measured as ttie o> I^so and Dgo. TTie D^o was used 
as the agglomerated partide size, and the Dqq/D^q ratio was calculated as ttie criterion of ttie partide size dtetribution. 

55 

3. Crystal phase of metol cxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction mettxxJ (RAD-C manufactured 
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by Rigaku Co., Ltd.) 

4. BET spedfk: surface area of metal oxkle powder 

A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromei- 
itics). 

5. IMeasuremenft of primary particle size 

A primary particle size d (pm) was calculated according to the fbrmula of: 

d=:6/(Sxp) 

wfierein S (m^/g) is a BET specific surface area of tfie powder, and p (g/cm^) is a density of the pcwder, provided that 
the primary particie size d is a diameter of a particle with the assumption that it were a sphere. 

As the hydrogen chloride gas, bomb hydrogen chloride (purity: 99.9 %) sifsplied iiy Tsurumt Soda Ca» Ltd. or a 
decomposition gas of anrvnonium chloride (WAKO JUNYAKU. Special Grade Chemical) was used. When the decom- 
position gas of ammonium chloride was used, sii)limation gas of ammonium chloride prepared by healing ammonium 
chloride at a temperature higher than its sublimation point was introduced in the fumace muffle to prepare the atmoe^ 
phere gas. Ammonium chloride was completely decomposed at 1100*'C to provide a gas consisftig of 33 vol. % of 
hydrogen chloride gas, 1 7 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. 

As the hydrog^ k>rorTBde gas, a decompositk>n gas of ammonium t)romide (WAKO JUNYAKU, Special Grade 
ChemicaQ was used Sublimation gas of ammontmn bromide prepared by heating ammonium bromide at a temperatwe 
higher than its sublimation point was inlrocftjced in the furnace muffle to prepare the atmosphere gas. Ammonium t>ro- 
iTiidewascoiTY)letelydeGorTfx>sedat1100**Ctoprovideagasoonsisti^ 17voi. 
% of nitrogen gas and 50 vol. % of fiydrogen gas. 

As the hydrogen fluoride gas. a decorrposition gas of amnronium fluoride (WAKD JUNYAKU, Special Gr^e Chem- 
ical) w^ used. Sublimation gas of ammonium fluoride prepared tvy heating ammonium fluoride at a temperature higher 
than its sublimation point was introduced in the finrace muffle to prepare t^e atmosphere gas. Ammonium fluoride was 
completely decomposed at IIOO^C to provide a gas consisting of 33 vol. % of hydr^ 17 vol. % of nitro- 

gen gas and 50 vol. % of fiydrogen gas. 

As the chloride gas, botrb chlorine gas (purity: 99.4 %) supplied by Fujimoto Industries. Co., Ltd.) was used. 

The metal oxide power or the metal oxide precursor powder was filled in an alumina or platinum vessel. When the 
halogen gas was used, ttie powder was filled in the alumina vessel. A depth of the filled powder was 5 mm. The cald- 
nalion was carried out in a cyfindrical fumace having a quaHz'muff le or an alimiina muffle (manufactured by Motoyama 
C^., Ud.). With flowing the nitrogen gas, temperature was raised at a heating rate of from 300**G/fir. to SOO'^S/hr.. arxi 
when the temperature reached an atmosphere gas introduction temperature, the atmosphere gas was introduced. 

A concentration of the atmosphere gas was ac^usted kiy controlling gas flow rates tiy flow meters. The flow rate of 
tfie atmosphere was acQusted to a linear velocity of 20 mnAnin. The total pressure of the atmosphere was always 1 
atmosphere. 

After the terrperalure reached tfie predelerrrined tennperalure, the powder was rn^^ 
a predetermined period of time. They will be referred to as "maintaining tenperabire" (caldnation temperature) and 
"maintaining time" (calcination time). 

After the predeternnined rnairitaining tiine. the powder was spontaneously oooU 
powder. 

The partial pressure of stearn was adjusted tiy the cfiarige of saturated steam 
perative, and the steam was introduced in the furnace with the nitrogen gas. 

Examplel 

A m^atilarvc acid slurry (30 wt. % as reduced to titanium oxide weight. A product oM 
ol the sulfuric add rnelhod) was concentrated t>y an evaporator arid tfm 

titanium oxide powder. TTiis powder fiad a BET speciTtc surface area of 183 m?/g (a primary partide size calculated from 
the BET specif ic surface area 0.008 ^m). Accordffig to the X-ray diffraction a^^ 
tase type titanium oxide, and no other peak was observed. 

The raw rnaleriai titanium oxide powder (1 2 g) was filed in an atunrnna ves^ 
oretical density. Then, the powder was placed in the quartz rnuffle. and heated from room t 

of SOO'^C^. while flowing the atmosphere gas consisting of 100 vol. % of fiydrogen chloride at a linear veioctty of 20 
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mmAnin., and calcined at 1 100*C for 30 ironutes, followed by spontaneous cooling to obtain a titanium codde powder. 
Ttie weight of ttie titanium oxide powder in the alumina vessel after calcination was 85 % of that of the powder before 
calcinatioa 

The obtained titanium oxide powder was the rutile type titanium oxide acconfing to the result of the X-ray diffraction 
5 analysis, and no other peak was observed. The BET specific surface area was 0.2 m?/g. Accoiding to the result of #ie 
obsenmtion by the scanning electron microscope, the rutile type titanium oxide consisted of polyhedral particles having 
8 to 20 planes, and had the number average partide size of 9 jim. The agglomerated particle size (D50) according to 
the particle size distribution measurement was 14.2 jim, and the Dgo/D^o ratio was 3. which indicated the narrow parti- 
cle size distribution. The ratio of the agglomerated particle size to the number average partide size was 1 .6. 
10 The obtained partides were observed by a transmission electron microsoope. No defect was observed In the par- 
tides, and it was found that the partide was a single crystal. The results are shewn in Table 1 . An electron microsGopic 
photograph of the obtained rutile type titanium oxide is shown in Rg. 1 . 

Example 2 

IS 

In the same manner as bi Example 1 except tiiat an atnu)sphere gas consisting of 1 0 vol. % of hydrogen chloride 
and 90 vol. % of nitrogen was used in place of ttie atmosphere gas of 1 00 vol. % hydrogen chloride, the rutile type tita- 
nium oxide was obt^ned. The results are shown in Table 1 . 

20 Examples 

In tie same manner as in Example 1 except that an aAnv)sphere gas consisting of 30 vol. % of hydrogen chl^^ 
1 0 vd. % of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 1 00 vol. % hyd^ 
the rutile ^pe titanium oxide was obtained. The results are shown in TMe 1. 

2S 

Example 4 

In the same manner as in Example 1 except ttiat an atmosphere gas consisting of 30 vol. % of hydrogen chtoride 
and 70 vol. % of an air was used in place of the atmosphere gas of 100 vol. % fiydrogen chloride, the rutile type titanium 
30 oxide was obtained. The results are shown in Table 1 . 

Examples 

The raw material titanium oxide powder as used in Example 1 was filled in the aturruna vessel and placed in the 
3s quartz muffle, and heated at a heating rate of SOO'CAir. When the temperattre reached 600<*C. the decomposed gas of 
subTimated ammonium chloride was introduced, and the powder was heated in the decomposed gas atmosphere at 
1 1 00^ for 30 minutes, followed by spontaneous cooling to obtain the 

nents of the decomposed gas were hydrogen chloride gas, nitrogen and hydrogen, and their volume ratio was 33: 1 7:50. 
The results are shown in Tat3le 1. 

40 

Examples 

In the same manner as in Example 5 except that ammonium bromide was used in place d ammonium chloride, ttie 
Hitile type titaniun oxide was obtained. At 1 100^0, tfie components of the decomposed gas of ammonhim bromide 
45 were hydrogen bromide gas, nitrogen aind hycfrogea and their volume ratio was 33:17:50. The resuHs are shown in 
Table 1. 

50 In the same manner as in Example 5 except that anatase type titanium oxide (MC 90 manufactured by Ishihara 
Industries, Ca, Ltd. The BET specific surface area of 104 m^/g. and the primary partide size calculated from the BET 
spedTic surface area = 0.01 3 pm) was used as the raw material oxide powder, anvnonium fluoride was used in place 
of ammonium chloride, and the alumina muffle was used In place of the quartz muffle, the rutile type titanium oxide was 
obtained. At 1 10O*C. tiie components of the deconrposed gas of ammonium fluoride were hydrogen fluoride gas. nitro- 

55 gen and hydrogea and their volume ratio was 33:1 7:50. The electron microscopic photograph o# the obtained rutile type 
titanium oxide is shown In Fig. 2. The results are shown in Table 1 . 
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Example? 

In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vd. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the rutile 
5 t)pe titanium oxide was obtained. The results are shown in Table 1. 

Example 9 

In the same manner as in Example 1 except that the anatase type titanium oxide powder as used in Example 7 was 
10 used as the raw material titanium oxide powder, and an atmt^here gas of 100 vol. % of cNorine was used in place of 
the atmosphere gas of 100 vol. % hydrogen cNoride. the rutile type titanium oxide was obtained. TTie results are shown 
In lable 1 . The electron microscopic photograph of the obtained rutDe type titanium oodde powder is shown in Fig. 3. 
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Example 10 

In the same manner as in Example 1 except that an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 1 00 vol. % hydrogen chloride, the rutie type titanium Qxi^ 
InT^I. 
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In Ihe same manner as in Exanple 1 except that meta-titanlc acid TH>30 (trade name) manulactured t^y TEiKA Cki., 
ss Ud. was used as the raw material powder, and the calcination temperature was changed to SOO^'C, the rutiie type tita- 
nium mde was obtained. The results are shown in Tat)ie 2. 
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Example 12 

In the same manner as in Example 1 except that an anatase titanium oxide povvder KA-10 (trade name) manufac- 
tured by Titanium Industries Co., Ltd. was used as ttie raw material powder, and an atmosptiere gas consisting of 45 
vol. % of tiydrogen chloride. 45 vol. % of an air and 10 vol. % of steam was used, the rutile type titanium oxide was 
obtained. 

As the result of the observation using the scanning electron microscope, it was found that the polyhedral particles 
having 8 to 20 planes were produced, the length of the primary particles was atXHit 10 and the dameter was about 
1 |im. The agglomerated pailicle size was 7.5 jsm. When the average value 6 lun of the average length and the average 
diameter of the primary particles was employed as a msftoef average particle size, the ratio of the agglomerated parti- 
cle size to the numter average primary particle size was 1 .3. The results are shown in Table 2. 

Example 13 

To the raw material titanium oodde powder of Example 1 (1 0.00 g). a rutile type titanium oxide powder (TIO-55, a 
trade name, manufactured by Titanium Industries Ca. Ltd. A BET specific surface area of 38.6 m?/g) (0.30 g oorre- 
sponcfing to 3 wt. %) was added as the seed crystal. The addition manner comprised dispersing ttie raw material tita- 
nium oxide powder and the seed crystal by ultrasonic in isopropanol to prepare a slurry and drying the slurry with an 
evaporator and a vacuum drier. 

In the same manner as in Example 1 except tfial the above raw niaterial titanium oxide powder coritairiing the 
crystal was used, tiie rutile tilanhim oxide was produced. The results are shown in Table 2. 

ExanpteU 

To ttie raw material titanium csdde powder of Example 1 , 3 wL % of a high purity rutile pcwder (CR>EL manufactured 
by Ishihara Industries Ca, Ltd. A BET specific surface area of 6.8 m^/g. A primary particle size calculated from ttie BET 
specific surface area = 0.20 |im) was added as ttie seed crystal. The addition manner comprised dispersing the raw 
material titanium oxide powder and the seed crystal were dispersed by ultrasonic in isopropanol to prepare a slurry and 
drying the slurry with an evaporator and a vacuum drier. This raw material titanium oxide powder containing the seed 
crystal was filled in ttie alumina vessel. Its bulk density was 19 % of the ttieoretical valua 

Then, ttie powder was placed fan ttie quartz muffle, and heated from room terrperature at a heating rate of 500**C/hr. 
while flowing nitrogen gas. When ttie temperature reached 800^. ttie nitrogen gas was changed to an atmosphere gas 
of 100 vol. % tiydrogen chloride, and ttie powder was calcined at IIOO^'C for 30 rranutes while flowing ttie hydrogen 
chloride gas at a linear velocity of 20 mnrVmin., foOowed by spontaneous cooling to obtain a titanium oxide powder. The 
weigM of ttie titanium oxide powder in ttie alumina ves^ 
calcinatioa The results are shown in Table 2. 

Example 15 

In the sanienriariner as in ExaiTiple 14 except that an atmosphere gas consisting of ^ chloride 
and 70 vol. % of nitrogen was used in place of ttie atiTK)6phere gas of 100 vol. % hydrogen 
nium oxide was obtained. The residts are shown in TIdble 2. The electron mtcrosoopic photogr ap h of the obtained ruffle 
titanium oxide powder IS sfiown in Fig. 4. 

In the same manner as in Example 14 accept ttiat an atmosphere gas consisting of 30 vol. % of chlorine arvJ 70 
vol. % of an air was used in place of ttie atiTiosphere gas of 100 vol. % hydrogen chloride, ^ 
was obtained. The results are shown in Table 2. 

Example 17 

In ttie sanne nianner as in Exanriple 14 except ttiat an atnriosphere gas consisting of 30 v^^ 
10 vol. % of steam and 60 vol. % of nitrogen was used in place of ttie atnriosphere gas of 1^ 
the nitile type titanium oxide was obtained. The results are shown in Table 2. 
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Example 18 

In the same manner as in Exanple 14 except that an atmosphere gas of 100 vol. % chlorine gas was used in place 
of the atmosphere gas of 100 vol. % hydrogen chloride, the mtile type titanium oxide was obtained. The results are 
5 shown in Table 2. 

Example 19 

In the same manner as in Example 18 except that an amount of the seed crystal was changed to 1 wt %, the ruble 
10 type titanium oxide was obtained. The results are shown In 13ble 2. 

Comparative Example 1 

Using the same raw material and the furnace as used in Example 1 . the raw material powder was calcined in an air 
16 with opening the both ends of the furnace. The raw material powder was calcined at 1 100^*0 for 180 minutes, followed 
t>y spontaneous cooling to obtain a titanium codde powder. 

The obtained titanium oxide powder was analyzed by X-ray (fiffraction to conf rm that it w^ a rutile type titanium 
oMe. Ho other peak was observed. The BET specif ic surfece area was 1 .5 m^/g. According to the obsen^ation of the 
powder by the scannvig electron microscope; no polyhedron particle was fonned. and spherical particles were in the 
20 agglomerated state, arxi ttieir number average particle size was 0.5 fim. 

The agglomerated particle size (D50) according to the partide size distribution measurement was 1 .5 |im, and the 
D90/D10 ratio was 21 . which indicated the broad particle size distrinition. A ratio of the agglomerated particle size to the 
number average partide size was 3. When the obtained partides were observed t>y the scanning electron microscope, 
defects were found in the partide^ and the partide was not a single crystal. The 
2S fwg electron microscopic photograph of the obtained rutile titanium codde powder is shown in Fig. a 



In the same manner as in Comparative Example 1 except that the same raw material powder as used in Example 
30 14 was used, the rutOe titanium omde was obtained. The results are Shown in Table 2. 
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Exanrpte20 

2ir<x)nliffn oxychloride octahydrate (WAWO JUNYAKU. Special Grade Chemical) (78.3 g) was dissolved in pure 
water (400 g) to obtain an aqueous solution of a zirconium salt In aqueous ammonia (25 wL %. WAWO JUNYAKU, Spe- 
cial Grade Chemical) contained in a 2 liter beaker, the above aqueous solution off the zirconium salt was added over 2 
hours while stirring to neutralize the salt and copredpitate them. The precipitate w^ filtered through a filter paper and 
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washed with pure water, followed l>y drying in vacuo at lOO^C to obtain a zirconium oxide precursor powder. The BET 
specific surlace area of this precursor powder was 255 m^/g. 

The zirconium oodde precursor powder was precaldned in the air at 500'C to obtain a raw material powder. 

According to the X-ray diffraction analysis, peal® assigned to monocUnic zirconium oxide and tetragonal zirconium 
5 oxide were observed. The BET specffic surlace area was 79.4 m?/g. and the primary partide size calculated from the 
BET specific surface area was 0.01 3 pm. 

The raw material powder was fflled in a platinum vessel. Its kxjfk density was 15 % of the theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing an atmosphere gas of 100 vol. % hydrogen 
cMoride at a linear velocity of 20 rran/min., the powder was heated from room temperature at a heating rate of 
10 300*Oir.. and calcined at 1 100^ for 60 minutes, foDowled by spontaneous oooGng to okslain a zirconium oexide powder. 
The weight of the zirconium oxide powder in the platinum vessel after calcination was 95 wt % of that of the powder 
before calcination. 

According to the X-ray diffraction analysis, the obtained zirconium oxide powder was monodinic zirconium oxide, 
and no other peak was observed. According to the observatfon by the scanning electron nvcroscope, the polyhedral 
15 particles having 8 to 24 planes each were formed, and the number average particle size was 1 2 |im. The aggtomerated 
partide size (D50) according to the partide size distrbution measurement was 15 Mm, and the Dgo/Dio ratio was 3, 
which indicated the nan^ow partide size dstribution. A ratio of the agglomerated partide size to the number average 
partide size was 1 .3. The results are shown in Table 3. The scanning electron nmcrosoopfo photograph of the obtained 
powder is shown in Fig. 6. 

20 

ExafnDte21 

Zirconium tetrachtoride (Merk. Purity. 98 %) (56.8 g) was dissolved in pure water (500 g) to obtain an aqueous solu- 
tion of a zirconium salt. In pure water (760 g) contained in a 2 liter beaker, the above ^ueous sdution of the zirconium 
25 salt was added over 3 hours while slinrlng. During the adcfitfon, aqueous ammonium (25 wt %w WAtCO JUNYAKU, Spe- 
dal G^e Chemical) was added with maintaining pH constant at 4.0 witti a pH controller (FC-10 manufachjred by 
Tokyo Rite Kiki Co., Ltd.) to neutralize the salt and oKitain a precipitatft An amount of the added aqueous ammonia wras 
58.2 g. The precpitate was filtered through a filter paper and washed with pure vwrter, followed by drying In vacuo at 
100»C to obtain a zirconium oxide precursor powder. The BETA specific surface area of this precursor powder was 15 
30 m^/g, and the primary partide size cateulated from the BET specific surface area was 0.07 

The zirconium oodde precursor powder was calcined in the air at 500<*C to obtain a raw material powder. 
AcooKfing to the X-ray (faction analysis, peaks assigned to monocGrtic zirconium oxMe and tetragonal zirconium 
oxide were observed. The BET specie surlace area was 18.2 m?/g, and the primary partide size calculated from tiie 
BET spedftc surface area w^ 0.05 pm. 
35 The raw material powder was fflled in a platinum vessel. Its bulk density was 25 % of the theoretical value. 

Thereafter, the raw material powder was caldned in the same manner as in Example 20 to obtain the zirconium 
oxide pOMder. The weigm of ttie zlra>nfom oxide powder In the pl^^ 

the powder before caldnation. The results are shown in Table 3. The electron niicroscopfo photograph of the obtained 
powder is shown in Rg. 7. 

40 

Example 22 

As a raw material zirconium oxkie powder, high purity ziroonia powder ^ 20 manufactured by Chichibu Cement 
Co. , Ltd. A BET spedf k: surface area » 93 n^/g. A primary partide size calculaled from the BET spedTic surface area 

45 =0.01 \im) was used. To this raw material zirconium oxkle powder. 2 wL % of a powder whtah was obtained by sintering 
the above zirconia powder in an air at 1 400*'C for 3 hours and milling it in a bafl miH (A BET specific surface area = 2.8 
n^/g. A primary particle size calculated from the BET spedf surface area » 0.36 fim) was added as a seed crystal. 
The addition manner comprised dispersing tiie raw material zirconium oxkie powder and the seed crystal bjf ultrasorac 
in isopropand to prepare a slurry and drying the slurry witti an evaporator and a vacuum drier. 

50 The raw material powder containing tiie seed cr^ was fiOed in a platinum vessel. Hs bulk density was 25 % of 
the Iheoretkai value. 

Thereafter, the raw material powder was caldned in the same manner as in Example 20 to obtain the zirconium 
oxkJe powder. The resdts are shown in Table 3. The electron mforoscopto photograph of ttie obtained zirconium oxkie 
powder is shown in Rg. 8. 

55 

Comparative Example 3 

In the sanrm manner as in Example 20 except that an atrriosphere gas of 100 vol. %a^ place of tiie 
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atmosphere gas of 100 vol. % hydrogen chloride, the zirconium oxide powder was obtained. According to the observa- 
tion by the scanning electron microscope, no polyhedron particle was formed, and the spherical particles were in the 
agglonrterated state, and their number average particle size was 0.2 |im. 

The agglomerated partide size (D50) according to the particle size distraxrtion measurement was 1 1 |im, and the 
D90/D10 ratfo was 22, which indicated the broad particle size distrbution. A ratio of the agglomerated partide size to the 
nimt>er average partide size was 55. The results are shown in Table 3. The scanning electron microscopic photograph 
of the obtained zirconium oxide powder is sliown in Fig. 9. 

Corrparative Exanple 4 

In the same manner as in Comparative Example 3 except that the raw material powder of Example 22 but contain- 
ing no seed crystal was used, the zirconium oxide powder was obtained. The results are shown in Table 3. 

Comparative Example 5 

in the same manner as in Comparative Example 3 except that the raw material powder of Example 22 containing 
the seed crystal was used, the zirconium oxide powder was otAained. The results are shown in Table 3. 

ExaiTPle23 

As a raw material powder, a magnesium oodde powder having the BET specff ic surface area of 1 32 m?/g (A primary 
partide size calculated from the BET specific surface areas 0.01 pm) was used and filled in a platinum vessel. Its bulk 
density was 2 % of the theoretical value. 

Then, the powder was placed In the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mmMi.. 
the powder was heated from room temperature at a heating rate of 300 °C/hr. When the temperature reached 800°C. 
the nitrogen gas was changed to an atmospfiere gas of 100 vd. % hydrogen chlorida VVh9e flowing tfiis atmosphere 
gas at a linear velocity of 20 mm/rmi., the powder was cateined at 1 OOOK) for 30 minutes, followed by spontaneous 
cooling to obtain a magnesium oxide powder. 

According to the cbservation by the scanning electron microscope; the polyfiedial partides having 8 to 24 planes 
were formed, and the nurTt>er average partide size was 30 pm. The resiits are shown in Table 3. The scanning eledron 
microscopic photograph of the magnesium oxide powder is shown in Rg. 10. 

Example 24 

To the raw material magnesium oxide powder of Exanple 23, 0.1 wL % of a magnesium codde powder having the 
BET specific surface area of 8.0 m?/g (the primary partide size calculated from the BET specific surface area » 0^ 
pm) was added as a seed crystal. 

The addition manner comprised dispersing tfie raw material magnesium oxide powder and the seed crystal by 
ultrasonic n isopropanol to prepare a sforry and drying the sluny with an evap^^ 
rial rna^tesium GDdde powder containing the seed crystal was fOled in 

the theoretical value. Thereafter, in tfie same manner as In Example 23. the magnesium oodde powder was obtained. 

According to tfte obsenmtion by the scanrung electron microscope, the number average partide size was 8 pm. The 
agglomerated partide size (D50) according to the partide size distrfoution measurement was 1 1 pm, and the Dgo/D^o 
ratio was 3, which incficated the narrow partide size (fistrixition. A ratio of the agglomerated particle size to the nuni>er 
averagepartidesize was 1.4. The results are shown in Tabled. The scanning electron rracfOSCopic p holDgrai p h of the 
obtmned powder is sfown in Fig. 11. 

Example 25 

In the same manner as in Example 24 except that the amount of the seed crystal was changed to 3 wt %» the mag- 
nesium oxide powder was obtained. The results are shown in Table 3. The scanning electron rncrosoopic photograph 
of tfie obtained magnesium oxide powder is shown in Fig. 12. 

Cpivparative Example 6 

In the sanrie manner as in Exanple 23 except that the atrnosphere gas of 100 voL % air «^ 
temperature in place of the atmosphere gas of 100 vol. % hydrogen cfiloride, the ma^iesium oxide powder was 
obtained. Aocorcfing to the observation by the scanning electron miaoscope, no polyfiedral partide was formed, spher- 
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ical particles were In the agglomerated state, and the iwrnber average particle size was 0.4 \iTn. The agglonfierated par- 
ticle size (D50) according to the particle size distrftxition measurement was 1 jun. and the D90/D10 ratio was 17, which 
indicated the broad particle size distritxition. The results are shown in Table 3. The scanning electron microsoopic pho- 
to^aph of the obtained magnesium oMe powder is shown in Rg. 13. 

5 

Gompy^ExaiTTple7 

In the same manner as in Comparative Example 6 except that the raw material pcwder of Example 25 was used, 
the magnesium oxide powder was obtained. The results are shown in Table 3. 
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S5 Ganwna iron (III) oxide (A BET specific surface area of 34.4 m^/g. A primary partide size calculated from the BET 
specific surface area of 0.03 pm) was filled in a platinum vessel. Its txjik density was 1 6 % of tfie theoretical value. 

Then, the powder was placed in the quartz muffle, and with flowing nitrogen gas at a linear velocity of 20 mmAmin. . 
the powder was heated from room temperature at a healing rate of 300 ''G/hr. When the temperature reached eOO'^C, 
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the nitrogen gas was changed to an atmosphere gas of 100 vol. % hydrogen chloride. While flowing this atnrx>sphere 
gas at a linear velocity of 20 mm/nun., the powder was calcined at 800**C for 30 nunutes, followed by spontaneous cool- 
ing to obtain an iron oxide powder. The weight of the iron oxide powder in the platinum vessel was 92 % of that ol the 
powder before calcination. 

According to the X-ray diffraction analysis, the obtained iron mde powder was alpha iron (III) oxide, and no other 
peak was observed. 

According to the observation by the scannhng electron microscope, the polyhedral partides having 8 to 20 planes 
were formed, and the number average particle size was 5 |im. The agglomerated partk:le size (D50) according to the 
particle size distribution measurement was 6 and the D90/D10 ratio was 4. which indicated the narrow particle size 
distrixition. The ratio of the agglomerated particle size to the number average particle size was 1.3. The results are 
shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (111) oxide powder is shown 
in Fig. 14. 

Comparative Example 8 

In the same manner as in Example 28 except that an atmosphere gas of 1 00 vol. % air was supplied from the room 
temperature in place of the atmosphere gas of 100 vol. % fiydrogen chloride, the a^pha iron (III) oxide powder was 
obtained. 

According to the observation k)y the scanning electron microscope, no polyhedral particle was formed, the spherical 
particles were in the agglomerated state, and their number average particle size was OJZ pm. The agglomerated particle 
size (D50) according to the particle size distribution measurement was 7 pm. and the Dgo/D^ q ratio was 1 00, which indi- 
cated the narrow particle size distribution. The ratio of the agglomerated particle to the number average particle size 
was 35. The results are shown in Table 4. The scanning electron microscopic photograph of the obtained alpha iron (III) 
oxide powder is shewn in Fig. 15. 

Example 27 

Cerium (IV) sulfate (WAKO JUNYAKU. Special Grade ChenrvcaQ (100 g) was dissolved in pure water (900 g) to 
obtain an aqueous solution of a cerkim (IV) suHaie To this aqueous solution, a 2N aqueous solution of sodhim hydrox- 
ide (WAKO JUNYAKU, Special Grade Chemical) was added till pH reached 1 0 to neutralize the solution and predp'rtate 
the salt The precpitate was separated t>y cenfrifugation and stin^ed in pure wat^. These procedures were repeated 
several times to wash the precipitate with water. The precipitate washed with water was dried at 120*'C to obtain a 
cerium oodde precursor powder. According to the X-ray dHfraction analysis, a broad peak assigned to cubic system 
cerium oxide was obsen^. The BET spedTic surf^ area of this precursor powder was 208.7 m?/g, and the primary 
partide size calculated from the BET specific surfece area was 0.004 |im. 

The cerium codde precursor powder was filled in a platinum vessel. Then, it was placed in the quartz muffle, and 
with flowing an air at a linear velocity of 20 mmAran., the powder was heated from room temperature at a heating rate 
of SOO^CAir. When the temperature reached 400*'C, the air was changed to an atmosphere gas of 100 vol. % hydrogen 
chloride. Whfle flowing tins atmosphere gas at a finear velocity of 20 mm/min. , the pcwder was caldned at 1 1 00^ for 
80 minutes, followed by spontaneous ooofing to obtain a cerium oxide powder. 

According to the X-ray drffraction analysis, the obtained cerium oxide powder was cubic system cerium oodde, and 
no other peak was obs&v&d. 

According to the observation t^y the scanning electron nrvcroscope, the polyhedral partides having 6 planes, that 
is. the Gubk; partides were fomned, and the number average partide size was 1 . 5 |im. The results are shown in Table 
4. The scanning electron microeoopfo photograph of tfie obtained powder is shown in Rg. 1 6. 

Cortparative Example 9 

In the same manner as in Example 27 except that, as an atmosphere gas. an air was used in place off hydrogen 
chloride, the cerium oxide powder was obtained. 

According to the observation by the scanning electron microsoope, no polyhedral partide was formed, and the 
spherical partides were in the agglomerated stata The results are shown in Table 4. The scanning electron microscopic 
pfiotograph of the obtained cerium oxide powder is shown in Fig. 17. 

Example 29 

As a raw material powder, a melaslanrac add powder (Nippon Chenvcal Industries Co.. Ltd. A BET spedf fo surface 
area = 75.4 m^/g) was used. 
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The metastannic acid powder was fined in an alumina vessel. Then, it was placed m the quartz muffle, and with 
flowing an air at a linear velocity of 20 mm/min., the powder was heated from room temperature at a healing rate of 
300*C/hr. When tfie tenperature reached 600*C, the air was changed to an atmosphere gas consisting of 50 vol. % of 
hydrogen chloride and 50 vol. % of the air. While flowing this atmosphere gas at a linear velocity of 20 mm/hiin., the 
powder was caldned ai 1050^0 for 60 minutes, followed spontaneous cooli^ 

According to the X-ray diffraction analysis, the obtained tin oxide powder ms tin dioxide, and no other peak was 
observed. 

According to the observation liy the scanning electron microscope, the polyhedral particles having 8 to 24 planes 
were fbnned. and the nunrtw average particle size was 0.4 pm. The results are shown in Table 4. The scanning elec- 
tron microscopic photograph off the obtained powder is sitbwn in Fig. 18. 

CofTparative Examole 10 

In the same manner as in Example 28 except ttmt, as an atmosphere gas, an air was used in place of hydrogen 
chloride, the tin oxide powder ms obtained. 

According to ttie observation by the scanning electron microscope, no polyhedral particle ms formed, and the 
spherical particles were in ttie agglomerated stala The results are shown in Table 4. The scanning electron iracroecopic 
photograph of the obtabied powder is shcwm in Fig. 19. 

Example 29 

Indium (III) chloride telrahydrate(WAMO JUNYAKU, Special Grade Chemical) (14.67 g) was dissolved in pure water 
to obtain an aqueous solution of indium (III) chloride (100 g). To ttiis aqueous solution, a 1 N aqueous ammonia (25 % 
aqueous ammonia. WAWD JUI^AKU. Prepared by diluting Special Grade Chemical with pure water) was added tin pH 
reached 8 to neutralize the solution and predpHale the salt. The precpitate was separated tjy titration and stirred in 
pure viater. These procedures were repeated several times to wash the precipitate witti water. The precipitate washed 
witii water was dried at 130^C to obtain an indiwn oxide precursor powder. 

According to tiie X-r^ diffraction analysis, peaks assigned to indium hydroxide and incfium axyhydroodde were 
obsenred. The BET specific surface area of this precursor powder was 70.4 nf /g. 

The indium oxide precursor powder was filled in an alurruna vessel. Then, it was placed in tiie quartz muffle, and 
witti flowing an air at a linear velocity of 20 mm/hiin., the powder was heated from room temperature at a heating rate 
off 600*'C/hr. When ttie temperature reached lOOO'^C, ttie air was changed to an atmosphere gas consisting of 20 vol. 
% of hydrogen chloride and 80 vol. % of ttie air. While flowing this atnx)sphere gas at a linear velocity of 20 mm/rnin.. 
ttie powder was calcined at lOOO^C for 30 minutes, followed by spontaneous cooling to obtain an indium oodde powder. 

According to the Xnray diffraction analyse, the obtained indium oxide powder was indium oxide, and no other peak 
was observed. The results are shown in Table 4. The scanning electron microscopic photograph off the obtained powder 
is shown in Fig. 20. 

Conparativ e Example 1 1 

In ttie same manner as in Exanple 29 except ttiat as an atmosphere gas. an air was used in place off hydrogen 
chloride, the mcfium Godde powder was obtained. 

The results are shown in Table 4. The scanning electron riicroscopi 
der is shown in Fig. 21. 
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Claims 

55 1. A metal cjxWe powd^ of a single metal element exc^ept a-alunnna. (comprising pdytiecfral particcles having at least 
6 planes each, a nijmt>er average particle size of from 0.1 to 300 pm. and a Dgo/D^o ra*«> of 1 0 or less where D^o 
and Dgo are particle sizes at 10 % and 90 % accumidafion, respecli^ 
cumulative particle size cun^ e of the particles. 
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2. The metal oxide powder according to claim 1. wtierein said O^q/D^q ratio is 5 or less. 

3. The metal oxide powder according to daim 2. wherein a ratio of an agglomerated particle size to a primary particle 
size is from 1 to 6. 

5 

4. The metal oxide powder according to claim 3. wtierein said ratio of an agglomerated particle size to a primary par- 
ticle size is from 1 to 3. 

5. The metal oxide powder according to any one of claims 1 to 4, wherein said metal oxide is a sinple metal oxide of 
10 a metal element selected from the group consisting of the metal elements of the Grotps S>, II, III, IV, V, VI, VII and 

Vill of the Periodic Tatile, except a-alumina powder. 

6. The metal oxide powder accorcRng to any one of dams 1 to 4, wheran said m^ oxide is a simple metal cxide of 
titanium. 

15 

7. ThemelaloxidepowderaGcordingtoanyoneofciairnsI to 4, wherein said metal <^ 
a metal selected from the group consisting of magnesiunv zirconium and iron. 

8. The metal oxide powder according to any one of daims 1 to 4, wherein said metal oxide is a simple metal oxide of 
20 ceriura 

9. The rnelal oxide powder according to any one cidalmsl to 4, wherein said m 
a metal selected from the group consisting of incfium and tin. 

25 10. The metal oxide powder according to any one of claims 1 to 4. wherein said metal oxide is a simple metal oxide of 
a metal selected from the group consisting of zinc, cadmium, gallium, germanium, niobium, tantalum, antimony, 
I>i8mulh, cfvomhjm, mdyixlenum, manganese, cobalt, nickel and uranium. 

11. A ruble type titariium oxide powder oonrprisingpdyhedral particles each havi^ 

30 

1 2. The rutile type titanium oxide powder according to daim 1 1 , wherein a ratio of an agglomerated partide size to a 
priinary parMe size is from 1 to 2, and a BET specific surfeK» area is from 0.1 1^ 

13. A rriethod for producing a metal oxide powder havirig a riarn]w partide size disl^^ 
as ingcaldning a m^oodde powder or a metal oxide precursor powder in the present 

in an atmosphere containing at least one gas sdeded from the group consisting of (1) a hydrogen halide, (2) a 
component prepared from a moleadar fialogen and steam afid (3) a molecular halogea 

14. The metfiod according to daim 1 3. wherein said calcination is carried out in the presence of a seed crystal. 

1 5. The metfiod according to daim 1 3 or 1 4, wtierein said gas contained in said atmosphere gas is a hydrogen fialide. 

1 6. The metfiod according to daim 1 5. wherein said hydrogen haTide is hydrogen chloride or fiydrogen bromida 
45 17. The method according to daim 15, wherein said fiydrogen halide is fiydrogen fluoride. 

18. The method according to daim 15, wherein a concentration of said fiydrogen halide is at least 1 vol. % of said 

atmospheric gas. 

so 19. The metfiod according to daim 13 or 14, wtierein said gas contained in said atmosphere gas is said component 
prepared from a mdecular halogen arxi steam. 

20. The method according to daim 19, wherein said molecular halogen is chlorine or bromin& 

55 21 . The method according to daim 19. wherein said molecular halogen is f luorina 

22. The method according to daim 1 9, wherein said component is prepared from at least 1 vol. % of said molecular 
halogen and at least 0. 1 vd. % of steam, both based on said atmosphere gas. 
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23. The method according to daim 13 or 14, wherein said gas contained in said atmosphere gas is a molecular halo- 
gen which is chlorine or bromine, and a concentration of said molecular halogen in said atmosphere gas is at least 
1vol. %. 

5 24. The method according to dann 13. wherein said metal oxide powder or metal oxide precursor powder has a bulk 
density of 40 % or less of a theoretical value. 

25. The method according to daim 1 4, wheran said seed crystal had a bulk density of 40 % or less of a theoretk»l 
value. 

10 

26. The method according to daim 13 or 14, wherein said metal oxWe f)aving a narrow partide size distribution except 
a-alumina is formed on a site where saki metaJ owde powder or metal oxkle precursor powder to be caidned is 
present 

IS Z7. The method according to daim 1 3 or 14, wherein sakf metal oxkle powder or metal codde precursor powder to be 
cak:ined is a metal oxide powder or metal oxkie precursor powder of a metal element selected from the group con- 
sisting of the metal elements of the Groips lb, II. III. IV, V. VI, VII and VIII of the Periodic Table. 

28. The method according to daim 13 or 14, wherein sad metal oxkle powder or metal oxkJe precursor potMler is a 
20 metal QxkJe powder or nietal oxide precursor powder ol a nrietal selected 

titanium, zirconium and iron. 

29. The method according to daim 13 or 14. wherein saki metal oxkJe powder or metal oxWe precursor powder is a 
metal oodde powder or metal oxkle precursor powder of cerium. 

25 

30. The method according to damn 13 or 14, wherein saki metal oxkie pcwder or metal oxkie precursor pcwder is a 
metal oodde powder or m^ oxkle precursor powder of a metal selected from the group consisting of incfium and 
tin. 

30 31. The method according to daim 13 or 14, wherein saki metal oxkie powder or metal oxkle precursor powder is a 
metal codde powder or meta) oxide precursor powder of a metal selected from the group consisting of zinc, cad- 
mium, galDum. germanium. nkDbiura tantalum, antimony, bismuth, chromium, molybdenum, manganese, cobalt, 
nickel and uranUm 

35 Patentanspruche 

1. Melalkixidpulver dnes einzdnen MeteBdenients, ausgen^ 

Chen mit jewdls wenigstens 6 Rdchen, einem Zahlenmittel der TeitohengrOBe von 0.1 bis 300 |im und einem 
Dgo/D^o-Verhaitnis von 10 Oder weniger, wobei D^q tow- ^ einer TdtehengrOOensummenloirve der Teitehen. 
40 begkmend auf der Seite der Mdnsten TeachengrOOe^ die TeiTchengrOBen bei 10% bzw. 90% Anreteherung bedeu- 
ten. 

2. litetalk»ddpulvernachAnspruch1,wobddasD9o/Di^^ 

4B 3. Metalkxxi^x^er nach Anspruch 2. wobei das Verhaitnis der ^ 
eines primdren Teitohens 1 bis 6 betrdgt 

4. Metalkxxktxriver nach Anspruch 3, wobei das Verhaitnis der GrOBe eines aggkxnerierten Teitohens zur GrOBe 
eines primaren Teitehens 1 bis 3 betrdgt 

so 

5. Metaikxxktnrfver nach anem der Anspruche 1 bis 4, wobei das Metalloxki ein dnfeiches Metaltoxkl eines MetaOde- 
ments. ausgewdhlt aus den MetaOdementen der Gnwen II, III. IV, V. VI. VII und VIII des Periodensystems. ist, 
ausgenommen a-Alumintumoxkj0ulver. 

55 6. li^k»kipdver nach einem der AnsprOche Ibis 4, vvobd das Mel^^ 

7. Metalk»k4)dver nach einem der AnsprOche 1 bis 4, wobd das MetaltoxM eki dnfaches MetaOoxkl dnes Melalls, 
ausgewdhlt aus Magnedum. Zkconium und Esen, ist 
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8. Metalloxidpulver nach einem der AnsprOche 1 bis 4, wobei das Metaltoxid ein einfaches Metalloxid von Cer ist. 

9. Metalloxidputver nach einem der AnsprQche 1 bis 4, wobei das Metalloxid ein einfaches MelallQxid eines Melalls. 
ausgewdhtt aus Indium und Zinn, ist. 

5 

10. Metalloxidpulver nach einem der AnsprOche 1 bis 4. wobei das Metalloxid ein einfaches Metalloxid eines Melalls, 
ausgewflhit aus Zink. Cadmium, Gallium, Germanium, Niobi Tantal, Antinxxi, Wismut, Chrom, Molybddn, Mangan, 
Cobalt, isfickel und Uran, sL 

10 11. TitanoxidpulvervomRutil-Typ^umfassendpolyedrisch 

12. Trtanoxidpulver vom RutO-Typ nach Anspruch 1 1 , wobei das Verhaitnis der QrOBe eines agglomerierten Teilchens 
zur GrOBe eines primftren Teilchens 1 bis 2 betrdgt und die speziftsche Oberfldche nach BET 0,1 bis 10 m^/ig 
t>etrdgL 

IS 

13. Verfahren zur HersteHung eines Melalloxidpulvers mit einer engen TeilchengrOBenverteilung, ausgenommen a- 
Aluminiumoxid, umlassend Caldnieren eines Melalloxidpulvers oder Metalkixidprakursorenpulvers in Gegenwart 
Oder Atswesenheit eines Imp fk r ist alls in einer AbnosphSre, die weni^ens ein Gas enttidit ausgewdhlt aus (1) 
einem Wasserstoffhalogenid, (2) einem Bestandteil, der aus einem molekularen Halogen und W^ssefdampftierge- 

so stelltwurde, und 0) einem molekularen Halogea 

14. Verfahren nach Anspruch 13, wobei die Cakanierung in Gegenwart eines Impfkristalls durchgefOhrt wild. 

15. Verfahren nach Anspruch 13 Oder 14,wot>eidasGas, welches in der Atmosphdreentfianen ist, ein Wasserstoffha> 
25 k)genkl ist 

16. Verfahren nach Anspruch 15. wot>ei das WEffiserstoffhatogenkJChtorwasseisM 

17. Verfahren nach Anspruch 15, wobei das V^fe$serstDffhak)genkiRuonMa8serstoff ist 

30 

18. Verfahren nach Anspruch 15. wot>ei die Kbnzentration des W^isserstoflhalogenids wenigstens 1 Vol.-% des Atmo- 
spharengases ausmacht 

19. Verfahren nach Anspruch 13 Oder 14, wobei das Gas, welches im Atmospharengas enthalten ist. der Bestandteil 
35 ist welcher aus «nem molekidaren Hatogen und WSasserdanpf hergestellt wurd& 

20. Verfehren nach Anspruch 19, wobei das molekitfare Halogen CMor oder Brom ist 

21. Ver^en nach Anspruch 19, wDt)ei das iiiolekulareHak)genRuor ist. 

40 

22. Verfeihren nach Anspruch 19, wobei der Bestandteil aus wenigstens 1 Vol.-% des moleKUIaren Hak>gen5 und 
wera'gstensO.I VdI.-% Wasserdanpf, jeweils bezogm auf d^ Atmosphdreng^ hergesteilt wird. 

23. Verfahren nach Anspruch 13 oder 14, wobei das Gas, wek:hes im Atrnospharengas enlhaiten ist, ein iinlekular^ 
45 Halogen ist das Chtor Oder Brom ist und die Kbnzentratton des rnolekularen 

sterft 1 Vol.-% ausmacht. 

24. Verfahren nach Anspruch 13, wobei das Metaitaxkipulver oder Metattaxk4>rakursorenpulver eine Schuttdk;hte von 
40% Oder weniger des theoretischen Werts hat 

50 

25. Verfahren nach Anspmch 14, wobei der Irrpfkristall eine SchOtldiGme von 40% 
W^hatte. 

26. Verfahren nach Anspruch 13 oder 14, wot>ei das MetaHoxld mit aner engen TalchengrOBenverteilung. ausgenom- 
55 men a-Aluminiumoxid. an einer Stelle ereeugt wird, an weteher das zu catoinierende MelalkxxkitPulver oder Metall- 

oxidprflkursorenpulver vorhanden ist. 

27. Verfahren nach Anspruch 13 oder 14, wot>el das zu cateinierende MetaOoxkJpulver oder MetallQxk#>rakursorenpul- 
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ver ein Me1allo»dpulver oder Metalloxidprakursorenpulver eines Metallelements. ausgewaWt aus den MetaBde- 
menten der Gruppen lb, II. III. IV. V. VI, VII und VIII des Periodensystems, ist. 

28. Verfahren nach Anspruch 13 cxler 14, wobei das MetaUoxidpulyer oder Metalloxidprakursorenpulver ein Metaltoxid- 
pulver Oder Metalloxidpraiairsorenpulver eines Metalls. ausgew^Mt aus Ma^esium, Titan, Zirconium und Eisen. 
ist. 

29. Verfeihren nach Anspruch 13 Oder 14, wobet das Metalloxidpulver oder MetalloxidpraKufSorenpulver ein Metalkxxid- 
pulver Oder MetaOoxidprakursorenpulver von Cer ist. 

30. Verfahren nach Anspruch 13 oder 14. wobei das Metal!axi(^>ulver oder Metalloxidprakursorenpulver ein Metaltaxid- 
pulver Oder Metalloxidprakursorenpulver eines Metalls. ausgewdhlt aus Indium und Zinn. ist 

31. Verfehren nach Anspruch l3oder 14,wobeidasMelaltaxid|pulveroderMelaltoxidprakureor 

pulver Oder Metalk»d4)rakursorerpuhrer eines Metalls, ausgew&hit aus Zink. Cadmiunn. Gallium, Germaruum. 
Nk)b^ Tanlal, Antimon, Wismut. Chiom, Mdybdan, Mangan, Coball, ^BckBl und Uran, ist. 

Revendlcatlons 

1. POudre d'oxyde mftalfique rfUn m6lal 6l6menlaire unk^, k rexceptkm de Fa-alumine, oomprenant des parlicules 
poly6driques ayant au moins 6 plans chacune, une granutom6!rie mpyenne en nombre de 0,1 k 300 iim, et un rap- 
port D90/D10 de10oumoinsouDioetD9osortlesgranulom6lriesauneaocumulaikmde10%et90%,resp^ 
tivement. depins le c0t6 de la )panuk)m6trie la plus petite dans une courbe de granuk)m6trie cumulative des 
particules. 

2. Pdudre d'oxyde m6lalBque seton la revendk»tton 1 , dans laqueile ledit rapport Dgo/D^o est de 5 ou moins. 

3. Poudre d'oxyde m6tallique sek}n la reven(§catk>n 2. dans laqueile le rapport de la granutomdtrie aggk>m6r6e k la 
granubm^trie primaire est de 1 a 6. 

4. Pdudre d'oxyde m6taIDque sekHi la revendk^atlon 3, dans laqueile ledit rapport de la granulomdlrie agglom^r^ k 
la granulom6trie primaire est de 1 d 3. 

5- Poudre d'oxyde m^tallique selon Tune quelconque des revendications 1^4, dans laqueile ledrt cocyde m6tallique 
est un oxyde m^tairxjue simple d'un m6tal 6l6menlaire choisi dans Pensemble constilu6 par les m6taux 6l6mentai- 
res des Groupes lb. II, III. IV, V, VI, VII et VUi du TaUeoi P^nodKiue, k rexception de la poudre d'a-alumine. 

6. Poudre d'(»cyde m^tailique sekxi Tune quelconque des revendicatkm 1 k 4. dans laqueOe ledit oxyde m6larK)ue 
est un CDcyde m^tallique simple de titana 

7. PDudre d'oxyde m^taHique sekxi Tune quelconque des revendkatk)ns 1^4, dans laqueDe ledit oxyde m6tank|ue 
est un oxyde mdtalKque single d'm m6lal choisi dans Fensemble constHud par le magn6sium, le zirconium et le for. 

8. Poudre d'oxyde mdtailique seton Tune quelconque des revendk^tkxis Ik 4, dans laqueile ledit Gocyde mdtaOique 
est in oxyde rn6tallique simple de cMiifi 

9. Pioucte d'oxyde mMallk|ue seton rune quelconque des revendicattons 1^4. dans laqueile ledit oxyde m^talfique 
est un oxyde m6talfique simple d'un m6tal choisi dans I'ensemble oonstibi6 par rmdium et I'dtaia 

10. Poudre d'oxyde m6tallique selon Pune quelconque des revendications 1^4, dans laqueile ledit oxyde mdtallique 
est un oxyde m6tallique simple d'un m^tai choisi dans Pensemble oonstitu6 par le zinc, le cadmium, le gallium, le 
gennanium. to niobium, le tant^e, Pantimoine, le bismuth, le chrome, to mblytsdane. to mangandse, to cobalt, to no- 
keletl'Uranium. 

11. Poudre d'oxyde detHanede type rutile oomprenant des partk»lespoly6drk|ues{q^ 

1 2. Poucfre d'oxyde de titane de type rutite seton to revendicatton 1 1 , dans lequel to rapport de la granutom6trie aggto- 
m6r6e k to granutom6trie primaire est de 1 a 2. et Patre spddhque BET est de 0, 1 a 10 m^/g. 
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1 3. Proc^6 pour produire une poudre d'oxyde m^taliique ayant une cfistribution §troite de granulom§trie. k Texception 
de ra-a]umine» comprenant ta calcination d*une poudre d'oxyde m^tallique ou dtine poudre de pr^curseur d*Qxyde 
mdtaltique en presence ou en Tabsence d*un germe crlstalfin dans une atmosph^e contenant au moins un gaz 
choisi dans Tensennbie constitu^ par (1) un halog^nure dliydrog^e (2) un composant pr6par6 d parlir dun 
halog^e moltoilaire et de vapeur et (3) un halog^ mol6culaire. 

14. Proc6de selon la revendication 13, dans iequel ladite caldnafion est r^iste en presence d'un germe cristallffi. 

15. Proc^6 selon la revendication 13 ou 14. dans Iequel ted'rt gaz contenu dans ladite atmosph^e gazeuse est un 
tialog6nure dliydrogdna 

1 6. Proc6d6 selon la revendication 15, dans Iequel lecfit tialog6nure dliycfrogdne est le chlorure tftiydrog^ne ou le t>ro- 
muredtiydrog^ne. 

17. Proc6d6 selon la revendication 15. dans Iequel ledit halog6nure dtiydrogdne est le f luorure dliydrog^e. 

18. Proc6d6 selon la revendicalion 15, dans Iequel la ooricentraliondudithalogdnuredliydrogdne est d*£^ 
en volume de ladite atmosphere gazeuse. 

19. Proc6d6 selon la revendication 13 ou 14, dans Iequel ledit gaz conteru dans ladite atmosph^e gazeuse est ledit 
compost pr^r6 d partir d'un tialogdne mol^culaire et de vapeur. 

20. Proc6d6 selon la revendication 19. dans Iequel ledit tialog^ne moltailaflre est le ctilore ou le tvoma 

21. ProcM6 selon la revendication 19. dans Iequel lecfit halog^e moltadaire est lefluor. 

22. Proc6d6 selon la revendication 1 9. dans Iequel lecfit composant est pr6par6 k patr d'au moins 1 % en volume dudit 
tialogdne moltajlaire et d'au moins 0,1 % en volume de vapeur, les deux par rapport k ladite atmospti^re gazeusa 

23. Proc6d6 selon la revendication 13 ou 14, dans Iequel ledit gaz contenu dans ladite atmosph^e gazeuse est un 
tialog^e moltajlaire qui est le ctibre ou le t)rome, et la concentration dudit lialog^ mol^culaire dans lacOte 
atmosph^e gazeuse est d'au moins 1 % en volimie. 

24. Proc6d6 selon la revendication 13, dans Iequel ladte poudre d'oxyde m^fique ou poudre de pr6curseur d'oxyde 
m6talSque a une rnasse volumic^e non tasste reprteenlarrt 40 % ou nrv)to 

25. Proc6d6 selon la revendication 1 4, dans Iequel ledit germe cristalfin a une masse volumique non tass6e repr^sen- 
tant 40 % ou nKxns de la valeur thterique. 

26. Proc6d6 selon la revendication 13 ou 14. dans Iequel ledit oxyde mdtalGque ayant une distrBxition dtroite de gra- 
nulom6trie. d Texception de I'a-^lumine, est formd sur un sHe oCi ladSte poudre d'oxyde m6lallique ou poudre de pr6- 
curseur tfaxyde mdlallic^ devant dtre caidnde est pr6sent& 

27. Proc6d6 selon la revendication 13 ou 14, dans Iequel ladite poudre d'oxyde rndtaOique ou poudre de pr^rseur 
d*axyde mtelDque devant dtre caldnte est une poudre d*axyde mtellique ou une poudre de prtairseur d'oxyde 
mdtallique d^ mdtal 6l6mentaire dioisi dan^ TensenMe oonstitu6 per les mdlaux 6l6nienlaires des Groupes ik^ 
11. Ill, IV, V, Vi. Vii et VIII du Tableau P6riodk|ue. 

28. Proc6d6 selon la reverxfication 13 ou 14. dans Iequel ladite poudre d'oxyde m^talOc^e ou poudre de pr6curseur 
d'oxyde mtellique est une poudre d'oxyde mdtallique ou poudre de prteurseur d'oxyde mdtailique d'un m6tal 
ctioisi dans fensennble constitu6 par le magn^shjm, le titane. le zirconium et le fer. 

29. Proc^6 selon la revendication 13 ou 14, dans Iequel ladite poudre d'oxyde m6tallique ou poudre de prteurseur 
d'oxyde rndtalfic^ est une poudre d'oxyde m6talfique ou poudre de prdcurseur d'oxyde m6lalk^ de c6rium. 

30. Proc6d6 selon la revendication 13 ou 14, dans Iequel lacfite poudre d'oxyde mdtaffique ou poudre de prtairseur 
d'oxyde m^lallique est une poudre d'oxyde m^talOque ou poudre de prteurseur d'oxyde m6talllque d'un m6tal 
choisi dans I'ensembte constitu6 par nndium et l'6tain. 
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31. Proc6d6 selon la revendication 13 ou 14, dans lequ^ ladite poudre d*oxyde m6talfique ou poudre de pr6ciirseur 
d*oxyde m6tallique est une pcxjdre d*oxyde m§talfique ou poudre de pr^rseur d*oxyde m^tailique d'un m6tal 
choisi dans rensemble constitu6 par le zinc, le cadmium, le gallium, le germaniun, le niobium, le tantale, Tanti- 
. moine, le bismuth, le chrome, le molybd^e, le mangantee, le cobalt, le nickel et Turanium. 
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